found that HIV-WW was specifically cytotoxic to megakaryocytic CMK and DAMI cells but not to T-lymphocytic or monocytic cells. The cytotoxic effect on both CMK and DAMI cells did not require HIV-WW replication, suggesting a cytopathic effect at the megakaryocyte cell surface.
MATERIALS AND METHODS
Cells and virus. The DAM1 cell line, derived from the peripheral blood of a patient with megakaryoblastic leukemia,16 was a gift from S. Greenberg (Brigham and Women's Hospital, Boston, MA). These cells were maintained in Iscove's modified Dulbecco's medium (IMDM; GIBCO Laboratories, Grand Island, NY) with 10% heat-inactivated horse serum (HS; GIBCO) , penicillin (P; 25 U/ mL), streptomycin (S; 250 pg/mL; GIBCO) , and L-glutamine (G; 2 mmol/L; Mediatech, Washington, DC). The CMK cell line,14.15 derived from a child with megakaryoblastic leukemia, was a gift from T. Sato (Chiba University, Japan). H9 (HUT78) ~e l l s *~, *~ were originally obtained from R.C. Gallo (National Cancer Institute, Bethesda, MD). U937 cells26 were obtained from the American Type Culture Collection (Rockville, MD; catalog no. CRL1593). CMK, H9, and U937 cells were maintained in RPMI 1640 (GIBCO), 10% heat-inactivated fetal bovine serum (FBS; GIBCO), and PSG.
HIV-WW virus was obtained from an asymptomatic HIV-seropositive patient with a CD4' cell count below 400 and persistent, severe thrombocytopenia. HIV-1 JR-CSF, isolated from the cerebrospinal fluid of a patient with acquired immunodeficiency syndrome (AIDS) dementia, was obtained from I.S.Y. Chen through the AIDS Research and Reference Reagent P r~g r a m . *~~~* HIV-RJ9435 was recovered from an asymptomatic HIV-seropositive patient with severe neutropenia. A stock of each virus was grown by coculture of infected peripheral blood mononuclear cells (PBMCs) with phytohemagglutinin (PHA)-stimulated PBMCs as previously described.29 Virus was harvested in the supernatant, without concentration, when HIV p24 antigen levels reached a value greater than 500 pg/mL (HIV-WW, day 18 postinfection; HIV-1 JR-CSF, day 10 postinfection; HIV-RJ9435, day 20 postinfection).
Infections. Cells were cultured in 24-well plates (Costar, Cambridge, MA). Cells (2 X IOs/well) were inoculated with 300 FL of virus stock, containing approximately 100 ng HIV p24 antigen. The viral inoculum was adsorbed to cells for 2 hours at 37°C. The cells were then washed with complete medium, plated at 1 X 10' cells/mL in fresh complete medium, and split 1.4 every 4 days. Mock infections were performed with 300 pL of supernatant from PHA-stimulated, uninfected PBMCs harvested after 4 days in culture. All infections were performed in duplicate and monitored by measuring HIV p24 antigen levels in the supernatant with a solidphase antigen capture immunoassay kit (Abbott Laboratories, Chicago, IL).30 Cell viability was assessed by trypan blue exclusion. In certain experiments, virus was depleted from the inoculum by fil- tration twice through a 0.2-pm acetate cellulose filter (Sartorius, Goettingen, Germany). In the cultures in which serum from an asymptomatic HIV-seropositive donor was used to neutralize HIV-WW, 300 pL of virus was incubated with 200 pL of serum at 4°C for 1 hour before inoculation. Infection then proceeded as described above. In those cultures in which anti-Leu3A (Becton Dickinson, Mountain View, CA) was used to block the interaction of HIV with CD4, cells were incubated with dialyzed antibody at 5 pg/mL at 37°C for 30 minutes before inoculation with virus. Infection was then performed as described above with the following modification: after adsorption, the cells were washed with, and plated in, complete medium supplemented with anti-Leu3A at 5 pg/mL.
Polymerase chain reaction (PCR) analysis. Total cellular DNA was extracted as previously
HIV sequences were amplified by the PCR twice for 25 cycles, as previously described,"*'* using nested HIV gagspecific primer pairs. The first primer pair, SKtOO/SK104," amplifies a 280-bp region of gag that is conserved among the HIV-1 isolates and HIV-2 ROD. The second primer pair, SK38/SK39,34 amplifies a I 15-bp region of gag conserved among the HIV-1 isolates. DNA isolated from HIV-1 1IIB-infected cells was used as a positive control and DNA extracted from mockinfected cell was used as a negative control. The specificity of the PCR products was verified by liquid hybridization to the 5'-end radiolabeled HIV-specific probe SK19.9'~3Z Amplification of 0-globin genomic sequence^^'^^* was carried independently with the primer pair PC03/PC043s to assess DNA integrity and content. The sensitivity of the PCR assay was determined by dilution of chronically HIV-1-infected THP-I monocytic cells with uninfected THP-1 cells. The assay is sensitive to dilution ofinfected cells, corresponding to 100 HIV-I infected cells in a sample of IO6 cells per mi11iliter.3's3z
RESULTS
HIV-WW was recovered from an asymptomatic patient with severe thrombocytopenia and amplified by short-term coculture with PHA-stimulated PBMCs. To assess the tropism of this primary HIV strain, CMK, DAMI, H9, and Each value represents the average of two independent measurements. U937 cells were challenged at 2 X lo5 cells/well with 300 pL of virus stock containing 100 ng of HIV p24 antigen. HIV-WW was found to be cytotoxic to both the megakaryocytic Dami and CMK cells, but not to the T-lymphocytic H9 cells or the monocytic U937 cells. The viability of DAMI and CMK cells, as assayed by trypan blue exclusion, decreased sharply from above 90% to below 50% within 10 days after exposure to HIV-WW. Total cell death in these cultures was observed within 17 days ( Fig 1A and B ). Cell viability remained above 90% in control CMK and DAMI cultures exposed to an equivalent inoculum of PHA-stimulated, uninfected PBMC supernatant. In contrast, the viability of H9 and U937 cells remained constant and above 90% during the Same course of exposure to HIV-WW (Fig 2A and B) . Days post-inoculation
To determine whether the observed cytotoxicity was due to HIV-WW specifically or more generally to exposure to supernatant from HIV-infected PBMCs, we removed virus by filtration or heat-inactivated virus before inoculation. DAMI cells were challenged with an equivalent HIV inoculum depleted of virions by filtration twice through a 0.2-pm cellulose acetate membrane. In another experiment, CMK or DAMI cells were challenged with HIV-WW after heat-inactivation of virus at 56°C for 30 minutes. Removal by filtration or inactivation by heating of HIV-WW each restored cell viability in the megakaryocytic cell cultures ( Fig  3A and B) .
HIV infection in CMK or DAMI cells using the laboratory strains HIV-1 IIIB or HIV-2 has not been Days post-inoculation was specific to that virus and not seen with two other primary isolates from nonthrombocytopenic patients. In addition, we found that cytotoxicity was abrogated ( Fig 5A and  B) when CMK and DAMI cells were challenged with HIV-WW in the presence of a broadly neutralizing serum from an HIV-seropositive donor. This serum was capable of neutralizing under the same conditions both HIV-1 JR-CSF and HIV-RJ9435 infections in PBMCs to 82% and 9176, respectively. We then investigated whether viral replication played a role in the observed cytotoxicity. CMK or DAMI cells were exposed to HIV-WW in the presence of 250 nmol/L, 500 nmol/L, and 1 pmol/L 3'-azido-3' deoxythymidine (AZT) to inhibit viral replication. Treatment with AZT did not protect CMK or DAMI cells from the cytopathic effect of HIV-WW. AZT was not toxic to the megakaryocytic cells, as less than 10% cell death was observed in the absence of virus in control cultures treated with AZT at the same concentrations. For personal use only. on October 25, 2017. by guest www.bloodjournal.org From 3340 KUNZI AND GROOPMAN Early events of viral integration and replication were studied by PCR analysis of total cellular DNA isolated at 2 , 24, 48, and 72 hours postinoculation. To ensure detection of HIV-WW, despite possible heterogeneity at the molecular level, we selected a very highly conserved region ofthe HIV genome for amplification, using two gag-specific nested pairs of primers. Although the &globin gene, used as an internal standard, was detected in equal amount in each of the amplification reactions, we found no HIV-specific sequences in the DNA isolated from CMK, DAMI, H9, or U937 cells. Thus, the megakaryocytic CMK and DAMI cells were not permissive for HIV-WW and the megakaryocyte-specific cytopathicity of the virus was not the result of viral replication. The sensitivity of the PCR assay was such that I infected cell in 1 O4 cells could be detected. Viral infection, therefore, likely did not occur, or at least occurred below this level of detection and would not explain the observed cytopathic effects. The small amounts of HIV p24 antigen detected early in culture thus represented residual inoculum.
The binding of the viral envelope glycoprotein to the cellular CD4 receptor is a first and critical step in HIV infection. We therefore investigated whether anti-Leu3A, a CDCspecific monoclonal antibody, could inhibit HIV-WW cytotoxicity by blocking the binding of gp 120 to the N-terminus of CD4. Cells were preincubated with antibody (5 pg/mL) before inoculation with virus. Anti-Leu3A monoclonal antibody did not abrogate HIV-WW-induced cytotoxicity in CMK or DAMI cultures (Fig 6A and B) . In contrast, 90% of the cells were viable in control mock-infected CMK cultures with or without anti-Leu3A antibody. These findings indicate that the gp 120 epitope that binds to the CD4 N-terminus was not a determinant in HIV-WW cytotoxicity to megakaryocytic cells. Moreover, binding to the CD4 N-terminus was not sufficient in itself to trigger megakaryocytic cell death, because binding with anti-Leu3A antibody to CD4 did not result in cytotoxicity.
DISCUSSION
Impaired megakaryocytopoiesis may be a contributing factor to the thrombocytopenia associated with HIV infection. The presence of the HIV genome in bone marrow megakaryocytes of some seropositive patients has been re-p~r t e d . ' !~,~ Primary marrow megakaryocytes have a life span of a few days in culture, thus limiting the feasibility of studies of HIV infection in primary cells. Therefore, experiments have been performed in cell lines of megakaryocytic lineage to establish a model of retrovirus-megakaryocyte int e r a c t i o n~. '~,~~ However, such studies have been performed to date using laboratory strains of HIV, such as HIV-1 IIIB and HIV-2 ROD. The properties of laboratory strains of HIV may differ significantly from primary isolates, as was recently shown by the failure of soluble CD4 to neutralize primary isolates in vitro at concentrations that effectively blocked infection with laboratory strains of HIV-I . 37 We derived an HIV strain from a patient with severe thrombocytopenia and found the virus, HIV-WW, to be highly and specifically cytotoxic to megakaryocytic cells. In contrast, two other primary HIV-1 isolates not associated with clinical thrombocytopenia were not cytopathic to the megakaryocytic CMK or DAMI cells. Most strains derived directly from HIV-infected patients by short-term culture in PBMCs are not capable of infecting productively permanent cell lines," whereas laboratory isolates do replicate in such cell lines. Consistent with this finding, the megakaryocytic CMK and DAMI cell lines were incapable of sustaining HIV-WW replication. PCR amplification detected no HIV viral sequences in these cells after challenge with HIV-WW, with the sensitivity of the PCR assay at 1 infected cell in IO4 cells. Similarly, treatment with AZT to block replication did not protect the cells from the cytopathic effect of HIV-WW. Despite the absence of replication, the cytopathic properties of HIV-WW were dramatic and specific for cells of megakaryocytic origin and not seen in cells of T-lymphocytic or monocytic origin.
There is considerable heterogeneity in cellular tropism,18,22,38*39 c y t~p a t h i c i t y ,~' .~~,~' and kinetics of replica-tion21~'3~4' among the various strains of HIV. Although the viral gene products nef, tat, vif, vpr, vpu, and vpx may play an important role in controlling infectivity and viral replication, mounting evidence points to the envelope glycoprotein as a key determinant of cellular tropism and cytopathicity.28,29,4247 Arguably, a low level of HIV envelope components may have been retained in the filtrated viral inoculum and, indeed, we observed that, although cell viability was restored to a great extent, cytopathic effects were not entirely abrogated after filtration. We found, as well, that HIV-WW-induced cytopathicity in megakaryocytic cell lines was not abrogated by anti-Leu3A monoclonal antibody, thereby indicating that the domain of the HIV gp 120 envelope protein that binds to the N-terminus of CD4 was not involved in this phenomenon. Recently, regions of gp 120 distinct from the CDbbinding domain have been shown to be critical in determining cell tropism,38 thus suggesting that interactions between several distinct envelope domains may be necessary for viral entry. Identification of the molecular determinants of viral phenotype is essential to an understanding of the pathogenesis of HIV. To this end, we have constructed a genomic library from HIV-WW infected PBMCs to isolate a clone of this novel HIV strain. Studies of its genotype and, in particular, a detailed analysis of the sequence and structure of its envelope glycoprotein should provide insights into the mechanism of its cytopathicity for megakaryocytic cells. Moreover, these studies may show megakaryocyte surface structures distinct from CD4 that specifically interact with components of the viral envelope.
